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GENERAL 


The Timing Simulator/Word Generator Model RS-648 is a 
general purpose programmable digital signal generator. 
It is the first digital signal generator to allow 
independent control of time and output level data while 
using standard TTL circuitry for its implementation. 


This Guide shall describe the physical characteristics 
of the RS-648, present the theory of operation, provide 
operation verification tests and also provide the logic 
and wiring diagrams which describe the RS-648. This Guide 
is intended to provide the basic information required to 
maintain the RS-648. 


This Guide is written assuming that the reader is familiar 
with digital circuits, logic design and the Timing Simulator/ 
Word Generator Model RS-648 Users Guide (Document Control 
#648-UG-002). 
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PHYSICAL DESCRIPTION 


The RS-648 is packaged in a metal enclosure measuring 
5i”K x 12 3/4" w x 13 H D. The top and bottom covers of 
this enclosure each slide off to the rear of the enclosure 
with the removal of 4 Phillips type screws. The side 
plates can also be removed, however, removal of these 
plates should only be necessary when full generator 
disassembly is required. The back panel holds the AC 
inlet, fuse, power supply and cooling fan. It is also 
used to mount connectors for the various generator options. 
The back panel is fastened to the enclosure by four screws 
and can be removed as a subassembly if required. Versions 
of the RS-648 which require _+15v power will also have this 
power supply mounted on the back panel. 

CAUTION ; Do not remove the back panel with 
the AC power plug in. 

The front panel contains all RS-648 controls and indica^ 
tors. It consists of a metal face plate and a printed 
circuit board which interconnects all the panel components. 
The front panel can also be removed as a subassembly. 

Note that interconnects made from the front panel to the 
logic panel via short cables with 28 pin connectors on 
both ends. 

Inside the enclosure is a logic panel subassembly which 
consists of two sections. Section 1 contains 20 IC 
locations and two connectors. The connectors hold the 
expanded memory or ROM option cards. Section 2 contains 
?2 IC locations and cable connectors. The logic panel 
is wirewrapped to interconnect the IC*s that comprise the 
RS-648. Power is distributed via power busses running 
the length of the logic panel. 

Refer to Sheet 2 of drawing number 648-302 for a pictorial 
representation of the component side of the logic panel. 


THEORY OP OPERATION 


This section discusses the theory of operation for both 
the Timing Simulator and Word Generator modes of the RS-648. 
It will first discuss the basic machine cycle for the two 
operating modes, then present a description of how the 
various mode, control, and parameter switches effect the 
machine operation. 

Note that all page references in the following write-up 
are with reference to the Logic Block Diagrams drawing 
number 648-301 found in the DIAGRAMS section of this Guide. 
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I. TIMING SIMULATOR MACHINE CYCLE (Reference Block Diagram 
648-001, Timing Simulator Machine Cycle Plow 
Chart Figure 1, and the Logic Block Diagram)* 

This description assumes the following generator mode 
conditions t 


1) Timing Simulator mode active. 

2) Single Cycle not active. 

3) Start Int active. 


These generator mode conditions will cause the RS-648 to 
cycle indefinitely as defined by the Timing Simulator 
Machine Cycle Flow Chart Figure 1. Note that although 
Figure 1 depicts a sequential set of events, the RS-648 
actually executes many of these events in parallel. This 
Flow Chart gives visual insight into the machine operations 
it should be kept in mind when reading the following write-up. 


The internal logic flow is best described with reference to 
the main clocks, CKCNT+ and CKCTA + (Page 3)* These clocks 
cause two parallel events to take place. First, CKCTA+ 
loads the OUTPUT SHIFT REGISTER (0SR01-, 03R02+, 03R03-, 
and 0SR16+ (Page 8)). The odd OUTPUT SHIFT REGISTER 
bits are routed via line drivers to the generator outputs. 
The even bits represent the TIMING REGISTER 0SR02+, 0SR04+ 

• •••, and 0SR16+ (Page 8). 0TR16+ through OTR20 + (Page 10), 

and 0TMRU+, 0TMRN+ (Page 9)) are loaded with CKCNI+. 
Simultaneously, CKCNT+ increments the MEMORY ADDRESS COUNTER 
(WCNT1+ through WCNT6 + (Page 6)) in preparation for the 
next memory word. 

At the same time that CKCTA + loads the TIMING REGISTER, 
CNT0V- (Page 10) is resetting the TIMING COUNTERS (INCU1+ 
...., INCT1+, ...., INCH1+. (Page 10)). 


Thereafter, the TIMING COUNTERS are enabled and begin the 
period timeout. TIMING REGISTER bits 0TMRU+ and 0TMRN + 
(Page 9) select the basic time period of 1 msec, 1 usee, 
or 100 nsec by generating the TIMING COUNTER enable signal 
ENABL+ (Page 9)« The TIMING COUNTERS are compared with 
the TIMING REGISTER which generates the compare signals 
MSBEQ + and TSTEQ+ (Page 10) • MSBEQ+, TSTEQ+ going true 
indicates the end of the timout period, and forces CNTQV- 
(Page 10) true which in turn forces ENINC+ true (Page 3). 
ENINC+ enables another main clock (CNCNT+ and CKCTA+) 
which again loads the OUTPUT SHIFT REGISTER, the TIMING 
REGISTER, and increments the MEMORY ADDRESS COUNTER. 

The above sequence repeats until the MEMORY ADDRESS COUNTER 
equals the LAST MEMORY ADDRESS register and forces LAEWC + 
(Page 6) true. LAEWC+ will force RSTCN- (Page 6) true 
which will cause the MEMORY ADDRESS COUNTER to reset to 
location zero on the next CKCNT+. The MEMORY ADDRSSS 
COUNTER is again enabled to increment with each CKCNT +. 
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FIGURE 1 


TIMING SIMULATOR MACHINE CYCLE FLOW CHART 
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Note that the TIMING COUNTERS are independently running, 
using CLOCK + (Paige 3 )$ a 10 MHz signal, as the basic 
frequency source. 

The above timing sequence is slightly altered by the 
decoding of a 50/50 NSEC time interval from 0RMRN+ and 
0TMRU+. The time period for this memory access is forced 
to be 100 nsec. When this occurs the even numbered 
memory bits which normally defines time interval are now 
interpreted as data bits. Thus the OUTPUT SHIFT REGISTER 
is now a 16 bit word. This minimum time is forced by 
0TMRN+ and QTMRU+ being true, generating GNTOV* (Page 10). 
CNTOV- then enables another main clock (CKCNT + and CKCTA+). 
This T5050+ signal also forces a 25 nsec pulse to occur 
50 nsec after the leading edge of CKCNT+. This is accom¬ 
plished by gating COBS3- (Page 3) and generating the signal 
GKGTA+ (Page 3). 

Thus, CKCNT+ and CKCTA + occur at the same time, however, 
CKCTA+ may have two pulses (if T5050+ is true) while 
CKCNT+will have only one. The second pulse on CKCTA + 
will force the OUTPUT SHIFT REGISTER to shift one bit 
(the nth bit to the n-ith bit). Thus, the even data bits 
in the OUTPUT SHIFT REGISTER (which normally contain 
timing information) define the second 50 nanosecond level 
of the respective output channel. 


II. WORD GENERATOR MACHINE CYCLE (Reference Block Diagram, 
648-001, Word Generator Machine Cycle Flow Chard: 
Figure 2, and irhe Logic Block Diagrams). 

This description assumes the following generator mode 
conditions * 

1) Word Generator mode active. 

2) Single Cycle not active. 

3) Start Int active. 

These generator mode conditions cause the RS-648 to cycle 
indefinitely as defined by the Word Generator Machine 
Cycle Flow Chart, Figure 2. Note that although Figure 2 
depicts a sequential set of events, the RS-648 actually 
executes many of these events in parallel. This Flow 
Chart gives visual insight into the machine operation; 
it should be kept in mind when reading the following 
write-up. 

The internal logic flow is best described with reference 
to the main clock, CKCNT + and CKCTA+ (Page 3)* In the 
Word Generator mode CKCNT+ and CKCTA+ will always occur 
at the same time. These clocks cause two parallel events 
to take place. First, CKCTA + loads the OUTPUT SHIFT 
REGISTER (0SR01-, 0SR02+, 0SR03-, .... 0SK16+ (Page 8)) 
with a memory word that now contains output level data 
only (no time data as was the case for the Timing Simulator 
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WORD GENERATOR MACHINE CYCLE FLOW CHART 














mode). Simultaneously, CKCNT + increments the MEMORY ADDRESS 
COUNTER (WCNT1 + through WCNT6 + (Page 6)) in preparation 
for the next memory word. 

At the same time, CKCTA+ loads the OUTPUT SHIFT REGISTER, 
CNTOV- (Page 10) is resetting the TIMING COUNTERS (INCU1+ 
INCT1+ INCHI .... (Page 10)). Thereafter, 

the TIMING COUNTERS are enabled and begin the period 
timeout. TIMING REGISTER bits QTMRU + and 0TMRN+ (Page 9) 
select a time period of 1 msec, 1 usee, or 100 nsec by 
generating TIMING COUNTER enable signal ENABL + (Page 9)• 

Note that in Word Generator mode 0RMRU + and 0TMRN + 
originate directly from the front panel thumbwheel 
switches and not from memory. Open collector NAND gates 
(Page 7) select SWTMU + and SWTMN+ which come directly 
from front panel, to generate MEMDU- and MEMDN- (Page 7 
and Page 9). The TIMING COUNTERS are compared with the 
front panel thumbwheel SWITCH data (SWU01+ ..., SWT01+ 

•••• (Page 10)) to generate the compare signal for the 
units and tens digit. The TIMING COUNTER hundreds digit 
(INCH1+ ...) is compared with the TIMING REGISTER bits 
0TR17+ ..., 0TR20+ (Page 10) for the hundred compare. 

Note that in Word Generator mode these bits originate 
directly from the front panel thumbwheel switches. Open 
collector NAND gates (Page 7) select SWH01- through 
SWH08- (Page 7) > which come directly from the front panel, 
to generate MMH01+ through MMH08+ (Page 7 and Page 9)• 

When the units, tens, and hundreds compare is made, the 
compare signal WGTEQ+ (Page 10) is generated. WGTEQ + 
forces CNTOV- (Page 10) true which in turn forces ENINC+ 
(Page 3) true. ENINC+ enables another main clock (CKCNT + 
and CKCTA+) to be generated. 

In Word Generator mode, unlike Timing Simulator mode, each 
main clock (CKCNT + (Page 3 and Page 6)) does not always 
increment the MEMORY ADDRESS COUNTER. The MEMORY ADDRESS 
COUNTER requires the enable signal ENCNT+ (Page 5 and 
Page 6) in order to increment. ENCNT+ is generated from 
the WORDS PER MEMORY WORD and WORDS PER LAST MEMORY WORD 
counter (SHFC1+through SHFC8+ (Page 5))* ENCNT + performs 
three parallel functions. First, it enables the MEMORY 
ADDRESS COUNTER to increment. Second, it forces 0SRSH- 
(Page 5 and Page 8) true which forces the OUTPUT SHIFT 
REGISTER (Page 8) to load l6 output level data bits from 
memory. Third, it feeds back and loads the WORDS PER 
MEMORY WORD counter (SHFC1+ through SHFC8+ (Page 5)) with 
data from either the WORDS PER MEMORY WORD register (WPMW1+ 
through WPMW8+ (Page 5) or the WORDS PER LAST MEMORY WORD 
register (WPLW+ through WPLW8+ (Page 5)) depending on 
the compare of the LAST MEMORY ADDRESS, LAEWC+ (Page 5 
and Page 6)). 

When a main clock (CKCNT+) is generated and ENCNT + is not 
active, two parallel events take place. The OUTPUT SHIFT 
REGISTER (Page 8) is shifted one bit from the nth bit to 
the n-lth bit and the WORDS PER MEMORY WORD counter (SHFCl-f 
through SHFC8+ (Page 5)) is incremented. 
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III. GENERATOR MODE SWITCH FUNCTIONS 


TIMING SIM/WORD i This switch signal (TMSIM+) defines 
either Timing Simulator or Word Generator mode. TMSIM + 
is true (high) in Timing Simulator mode and is inverted 
to generate WDGEN+ which is thus true (high) in Word 
Generator mode (Page 9)* These signals make the following 
selections throughout the logic. 

1) TMSIM + (Page 5) high forces ENCNT- active in the 
Timing Simulator mode which in turn 

a) forces the MEMORY ADDRESS COUNTER to 

load at every main clock (CKCNT+, Page 6). 

b) forces the OUTPUT SHIFT REGISTER to load 
at every main clock. 

When TMSIM + is low, the WORDS PER MEMORY WORD 
counter (SHFC1 + through SHFC8+ (Page 5)) is 
enabled. 

2) TMSIM+ (Page 7) high forces WDGEN+ low which 
enables the period and hundreds timing data to 
be generated from memory. WDGEN+ (Page 7) high 
enables the period and hundreds timing data to 
be generated from the front panel thumbwheel 
switches. 

3) WDGEN+ (Page 7) forces SELCT- true which selects, 
for input to memory, either the even numbered 
front panel switch data SWD02+, SWD04+, 

SWD16 + (Page 7) in Word Generator mode or the 
units and tens thumbwheel time data (SWU08+, 

SWU04+, ••••» SWT01+ (Page 7)) in Timing Simulator 
mode. 

4) WDGEN (Page 9) low forces RSSYN+ high which forces 
a 50 nsec sync pulse in Timing Simulator mode. 

5) TMSIM+ (Page 10) selects either the Timing Simu¬ 
lator (TSTEQ+) or Word Generator (WGTEQ) compare 
signal for the time period generation of CNT0V- 
(Page 10). 

START I NT/EXT i This switch enables either internal or 
external timing to sequence the RS-648. When in the off 
v,center position), QFFSW- (Page 3) is low. This holds 
JK flip flop INTER+ (Page 3) reset which disables internal 
timing signal CNT0V+ (Page 3) from generating C0BS5- (J3). 
0FFSW- also disables external timing signal EXCLK+ (Page 
c, gate 1 - 23 ). ^ 

In the START INT position, SINTM- (Page 3) is forced low 
(grounded at switch, reference 648-105 Front Panel Schematic 
Diagram) which in turn forces SETIN- low thus setting INTER +. 
INTER + enables CNT0V + via C0BS5- (Page 3), which starts 
the internal timing. 

When both 0FFSW- and SINTM- are high, and SINGL- is low, 
ohis enables an external clock, EXCLK+ (Page 3) to venerate 
EXCLA- (Page 3)» which ten directly generates the two main 
clocks CKCNT+ and CKCTA+. 
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SINGLE t CYCLE « Whan in Single Cycle, SINGL- is forced 
low which performs three gating functions. First, it 
disables the START XNT function by inhibiting 5ETIN- 
(Page 3)» Second, it disables the external clock function 
by inhibiting SXCLA- (Page 3)• Third, it enables SEtEC- 
(Page 3) which prepares for two functions. When the START 
INTTexT switch is active (OFFSW- is high) and the next 


external clock EXCLK + occurs, flip flop 3EXCL + is set. 

This flip flop is ten synchronized with the 10 MHz clock 
generating SEXCL- (Page 3) which in turn enables the first 
main clock, CKCNT + and CKCTA+. INCLK + (Page 3) also sets 
flip flop INTER + which enables C-NT0V + (Page 10) to generate 
internal timing, and thus allow the single machine cycle. 


The internal timing continues until the last address is 
detected and LAEWA + (Page 6) generates SETEM- (J3). SETEM 
forces flip flop INTER + to reset thus disabling internal 
timing. The logic then awaits another external clock and 
the cycle can repeat. 


IV. PROGRAM CONTROLS 


These switches share common control logic. Therefore, 
the logic common to all switches will be jointly discussed, 
then a unique description will be given for each switch 
function. 

Four switch functions (LOAD MEMORY WORD, STEP, FETCH MEMORY 
WORD, smd RESET) are debounced to generate L0ADD-, STSPX-, 
FETCH-, and RESET- (Page 4). Each of these functions 
activates a timing sequence defined bv the common logic 
shift register MANO0 + through MAN15+ (Page 4). Signals 
MAN11+ through MAN15+ are simply 100 nsec pulses shifted 
in time, as illustrated in Figure 3« Each of these pulses, 
depending on which switch activated them, performs some 
function in the generator. 


MAN11+ 
MAN12 + 
MAN13+ 
MAN15+ 



+ 


100 nsec 

. i . . 



FIGURE 3 

MANUAL SWITCH SHIFT REGISTER TIMING 
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Also of note for further understanding of the program 
controls, is that the MEMORY ADDRESS COUNTER is one address 
ahead of the displayed address on the front panel ADDRESS 
LED * s. This occurs because as a memory word is loaded 
into the OUTPUT SHIFT REGISTER (Page 8), the associated 
memory address is also loaded into the PRESENT MEMORY 
ADDRESS register (BCNT1 + through BCNT6 + (Page 6)). The 


• T-vr-v r%-i—»/-* t i-v-r-* ■ _ . • i jl. l - rmrsn -r»4 nnrvrse* 

ADuREi>3 uaL/'S are driven oy i.ne rnaoxuiYr injunurti iiJwnaoo 
register* Thus, the output level data at the generators 
output connectors and the 16 data LED’s are always the data 
associated with the address displayed on the ADDRESS LED’s. 
As soon as the OUTFIT SHIFT REGISTER and PRESENT MEMORY 
ADDRESS register are loaded, the next memory address is 
immediately accessed (i.e., the MEMORY ADDRESS COUNTER 
is incremented). Therefore, the MEMORY ADDRESS COUNTER 
is one address location ahead of the rest of the machine. 


LOAD MEMORY WORD 

This switch action causes loading of data from the front 
panel switches at a location in memory specified by the 
front panel ADDRESS switches. The LOAD function first 
loads the MEMORY ADDRESS COUNTER, WCNT1 + through WCNT6 + 
(Page 6) with the data from the PRESENT MEMORY ADDRESS 
register, BCNT1+through BCNT6 + (Page 6). This is 
accomplished as MAN11+ generates LOADX- and GENSP + (Page 
4). LOADX- forces the MEMORY ADDRESS COUNTER to load the 
selected PRESENT MEMORY ADDRESS data, SWD01+ through 
SWD32+ (Page 6) on the next CKCNT+. GENSP + generates 
COBS4- (Page 3) while ENINC-t- enables the main clocks to 
be generated. MAN13+ then generates LOADD+ (Page 6) which 
generates the memory write signal WRITE- (Page 6). 

Next, MAN15+ generates another GENSP+ (Page 4) which 
generates another set of main clocks. CKCNT+ and CKCTA + 
loads the new data into the OUTPUT SHIFT REGISTER as well 
as again increments the MEMORY ADDRESS COUNTER. 


STEP 


This control increments the MEMORY ADDRESS COUOTER by 
one. The STEP functions simply generates a GENSP+ (Page 
4) signal at KAN15+ time, GENSP+ then enables a main 
clock, CKCNT+, which increments the MEMORY ADDRESS COUNTER 
by one. 


FETCH MEM O RY WORD 

The FETCH function loads the MEMORY ADDRESS COUNTER, WCNT1+ 
through WCNT6+ (Page 6) with data from the front panel 
ADDRESS switches SWD01+ through SWD 32 -r (Page 6). This 
is accomplished by MAN11+ generating LOADX- (Page 4) and 
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thus (iENSP-K LOADX- forces the MEMORY ADDRESS COUNTER 
to load the front panel selected data on the next CKCNT +. 
GBNSP + generates C03S4- (Page 3) which enables CKCNT + 
to be generated. 

Next, MAN 15 + generates another GSNSP + (Page 4) which 
generates another main clock, CKCNT+• This CKCNT+ loads 
the fetched memory data into the OUTPUT SHIFT REGISTER 
as well as increments the MEMORY ADDRESS COUNTER. 


RESET 

The RESET function first loads the MEMORY ADDRESS COUNTER, 
WCNT1 + through WCBT6+ (Page 6) with all zeroes. This is 
accomplished by MAN11+ generating LOADX- (Page 4) and thus 
GENSP+. LOADX- forces the MEMORY ADDRESS COUNTER to load 
the selected data, SW001+ through SW006+ (Page 6) on the 
next CKCNT+. Note that the selected data is zeroes because 
SMDUR- (from front panel reset switch, reference 648-105) 
disables the selector. GENSP+ generates C0VS4- (Page 3) 
which enables a CKCNT+ to be generated. 

Next, MAN15+ generates another GENSP+ (Page 4) which 
generates another main clock, CKCNT+. This CKCNT + loads 
the data from memory location zero into the OUTPUT SHIFT 
REGISTER as well as increments the MEMORY ADDRESS COUNTER. 


DYNAMIC UPDATE 


The DYNAMIC UPDATE function loads front panel output level 
data and/or timing into memory when the MEMORY ADDRESS 
COUNTER equals the front panel ADDRESS switches. When 
in Dynamic Update, SDYNU- (Page 6) is low which enables 
flip flop SWDSB- (Page 6) to be set high. When the MEMORY 
ADDRESS COUNTER equals the front panel ADDRESS switches, 
SWEWC-f (Page 6) is high which sets flip flop SWBS3— (Page 
6) high on the next 10 MHz clock, CLOCK**- (Page 6). SWEWC + 
also inhibits the next main clock (CKCNT +) should it occur 
at that time via INHIB- (Page 6). SW3SB- generates a 
memory write pulse, WRITE- (Page 6) in coincidence with 
the memory address compare, which writes the new data into 
memory. 


TIME 

This switch does not perform a program control function. 
The TIME switch selects either the display of output level 
data or time data on the 16 front panel data LED's. When 
TIME is active, SEXTM- (Page 8) is low which forces the 
data selector RED01- through RSD16- (Page 8) to select 
the timing data from the OUTPUT SHIFT REGISTER. When 
SEXTM- is not active (high) the output level data is 
displayed. 
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WORD PARAMETERS 


The three load functions load their respective registers 
with the data from the ADDRESS switches* 

1) LAST MEMORY ADDRESSt LLASW- (Page 6) loads the 
LAST ^MEMORY ADDRESS register, LAST1+ through 
LAST6+ (Page 6). 

2) WORDS PER MEMORY WORD* LWPMW- (Page 5) loads 
the WORI33 PER MEMORY WORD register, WPMW1+ 
through WPM16+ (Page 5)* 

3) WORDS PER LAST MEMORY WORD* LWPLW- (Page 5) 
loads the WORDS PER LAST MEMORY WORD register 
WPLW1+ through WPL16+ (Page 5)* 

The three FETCH functions, ELAST-, EBITW-, and EBTLW- 
(Page 5) generate EXAMN+ (Page 5) which generates the 
select signals for the ADDRESS LED selector LED01- through 
LED32- (Page 5 and Page 6). 


SYNC OUT 


The SYNC OUT pulse may be generated at each memory word 
accessed or at the address specified by the front panel 
ADDRESS switches. For EACH WORD, SELAD- (Page 9) is high 
which enables ENINC + (Page 3 and Page 9) to generate CTBS1- 
(Page 9)* This enables flip flop SYNC2+ to set, which 
generates the SYNC pulse SYNCO- and SYNCP- (Page 9)* GTBS3 + 
^Page 9) resets flip flop SYNC2+ either 800 nsec or 800 
usee after ENINC + depending on the period defined by OTMRU + 
(Page 9)* If 0TMRN + is high, RSSYN+ (Page 9) is high and 
flip flop SYNC2+ is reset 50 nsec after ENINC+. 

For SELECT ADDRESS, SELAD- is low which enables SYNCW+ 

(Page 6 and Page 9) to generate the sync pulse 3YNC0- 
and SYNCP- (Page 9)• SYNCW+ (Page 6) is generated from 
the MEMORY ADDRESS COUNTER and front panel ADDRESS switch 
compare SWEWC+ (Page 6). 


EXT CLK IN 

The external clock from the EXT CLK IN connector generates 
EXCLK+ (Page 3). EXCLK+ may then start a single cycle 
operation by setting SEXCL+ (Page 3) or generate the main 
clocks by generating EXCLA- (Page 3)• 
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OPERATION VERIFICATION 


mis section mciuaes static ana aynamic tests wmcn win 
verify correct operation of the RS-648• Use of these 
tests in conjunction with the THEORY OF OPERATION section 

1 4 A A A+A a 4* 4 AVI rn UfA 

. . n — — - - - -- nw vjyT 


A 1 1 AfifA TWA 1 •^HV\a4 b 4 A V% A a4* A A+ 4 AVI 

axj.vwa maxiuuu ujlwu uc wuu wiuui 


;es 


wo cux 


provided, static and dynamic. The static tests require 
that the machine is on but need not contain a program# 
The dynamic tests require that the machine is on and 
running with the program specified in the specific test. 
The test equipment required for the tests are listed 
belowi 


1) The STATIC Test #1 through #4 requires no test 
equipment# 

2) The DYNAMIC Test #5 and #6 require a dual channel 
(20 MHz bandwidth) oscilloscope, two BNC to BNC 
oscilloscope probes and one BNC M T M connector# 

3) The DYNAMIC Test #7 and #8 requires a dual channel 
(20 MHz bandwidth) oscilloscope, two BNC to BNC 
oscilloscope probes, one BNC "T" connector and 

a second RS-648, or a pulse generator# 

4) DYNAMIC Test #9 requires a dual channel (20 MHz 
bandwidth) oscilloscope and two BNC to BNC oscillo¬ 
scope probes# 


Note that Test #8 is a test for the 16 OUTPUT OPTION# This 
test need not be performed for RS-648*s without this option# 
For those RS-648*s with this option, verification of proper 
operation can simultaneously be made when running Test #5 
through #7* When running these tests, all signals can be 
monitered and supplied via the back panel connector# 
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TEST #1 Verify WORD PARAMETERS i 


This static test shall verify the ability to load and 

fetch the WORD PARAMETER registers of the RS-648. 

GENERATOR MODE switch settings! 

TIMING SIM/WORD* WORD (lower position) 

START INT/EXTi OFF (center position) 

SINGLE CYCLE: OFF (lower position) 

INITIAL CONDITIONS : NONE 

STEP l i Set the ADDRESS toggle switches to Pattern 1-1 
a<a specified in Table 1» Press the LA ST MEMORY 
ADDRESS switch to the LOAD position. Press the 
LAST MEMORY ADDRESS switch to the FETCH position 
and observe the ADDRESS LED's. They should read¬ 
out as defined by the ADDRESS LED's in Pattern 
1-1 of Table 1. Repeat for all patterns specified 
in Table 1. 




ADDRESS 
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i'S 
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0 
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1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

*• 

1-8 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


TABLE 1. 


STEP 2 1 Repeat Step 1 for the WORD PER MEMORY WORD switch. 
Only Pattern 1-2 through Pattern 1-6 should be 
tested. 

STEP 3 : Repeat Step 1 for the WORDS PER LAST MEMORY WORD 
switch. Only Pattern 1-2 through Pattern 1-6 
should be tested. 



TEST #2 Verify MEMORY ADDRESS COUNTER t 


This static test shall verify the ability to preset, 

increment, and readout the MEMORY ADDRESS COUNTER. In 

addition, proper operation of several PROGRAM CONTROL 

switches will be verified. The 16 data LED's can be 

£ ^ f* - j.1. 2 . . 1 . - _ . 1 . 

ignureu i,ui walS 

GENERATOR MODE switch settings i 

TIMING SIM/WORDi WORD (lower oosition) 

START INT/EXTi OFF (middle position) 

SINGLE CYCLEi OFF (lower position) 

INITIAL CONDITIONS t 

1) Load LAST MEMORY ADDRESS with Pattern 1-8 of 
Table 1. 

2) Load WORDS PER MEMORY WORD with Pattern 1-2 of 
Table 1. 

3) Load WORDS PER LAST MEMORY WORD with Pattern 1-2 
of Table 1. 

STEP l i Press the RESET switch. The ADDRESS LED's should 
readout Pattern 1-1 of Table 1. 

STEP 2 i Press the STEP switch. The ADDRESS LED's should 
have advanced by one (binary count)• 

STEP 3 i Repeat Step 2 until the ADDRESS LED's have 
advanced through all 64 locations. 

STEP 4 t Press the FETCH MEMORY WORD switch with ADDRESS 
switch set to Pattern 1-1 of Table 1. The 
ADDRESS LED's should follow the ADDRESS switch 
pattern. 

STEP 6 » Repeat STEP 4 with Pattern 1-2 through 1-8 of 
Table 1. 
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TEST #3 Verify OUTPUT SHIFT REGISTER t 


This Word Generator mode static test will verify the 
ability to load a prescribed data pattern into memory 
and observe the data pattern on the data LED’s. Note 
that this test may be performed at any memory location. 

For the expanded memory option, it is desirable to test 
at least one location in each of the 4 sixteen bit memory 
segments, i.e., 0-15, 16-31» 32-4?, 48-63- 

GENERATOR MODE switch settings : 

TIMING SIM/WORD * WORD (lower position) 

START INT/EXTi OFF (center position) 

SINGLE CYCLE* OFF (lower position) 

PROGRAM CONTROL switch settings * 

FETCH MEMORY WORD/riMEt Center position (Note that 
this will allow the data LED’s to display the 
OUTPUT SHIFT REGISTER’S 16 bits of data.) 

INITIAL CONDITIONS * 

1) Load LAST MEMORY ADDRESS with Pattern 1-8 of 
Table 1. 

2) Load WORDS PER MEMORY WORD with Pattern 1-2 of 
Table 1. 

3) Load WORDS PER LAST MEMORY WORD with Pattern 
1-2 of Table 1. 

STEP 1 * Set the data toggle switches to Pattern 3-1 as 
specified in the INPUT PATTERN section of Table 
2. Set the ADDRESS toggle switches to any address 
from 0-15- Press the FETCH MEMORY WORD/TIME switch 
to the FETCH MEMORY WORD position. Press the LOAD 
MEMORY WORD/STEP switch in the LOAD MEMORY WORD 
position. The 16 data LED’s should immediately 
display the OUTPUT PATTERN specified for Pattern 
3-1 of Table 2. 

STEP 2 * Repeat STEP 1 for all patterns in Table 2. If 

the expanded memory option is part of the generator 
under test, perform STEPS 3 through 5 also. 

STEP 3 * Change the ADDRESS switches to any address from 
16-31 and perform STEP 2. 

STEP 4 * Change the ADDRESS switches to any address from 
32-47 and perform STEP 2. 

STEP 5 * Change the ADDRESS switches to any address from 
48-63 and perform STEP 2. 
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TABLE 2 
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TEST #4 Verify TIMING REGISTER i 


This Timing Simulator mode static test will verify the 
ability to load prescribed time data into memory and 
observe this time data on the data LED’s. Note that 
this test may be performed at any memory location. For 
the expanded memory options it is desirable to test at 
least one location in each of the 4 sixteen bit memory 
segments, i.e., 0-15, 16-31* 32-4?, 48-63. 

GENERATOR MODE switch settings ! 

TIMING SIM/WORDi TIMING SIM (upper position) 

START INT/EXTi OFF (center position) 

SINGLE CYCLEi OFF (lower position) 

PROGRAM CONTROL switch settings! 

FETCH MEMORY WORD/TIME* TIME (lower position) 

(Note that this will allow the data LED’s to 
display the TIMING REGISTER’S data.) 

INITIAL CONDITIONS i 

Load LAST MEMORY ADDRESS with Pattern 1-8 of Table 1. 


STEP l i Set the thumbwheel time switches to Pattern 4-1 
as specified in Table 3* Set the ADDRESS toggle 
switches to any address from 0-15* Press the 
FETCH MEMORY WORD/TIME switch to the FETCH MEMORY 
WORD position and return to the TIME position. 

Press the LOAD MEMORY WORD/STEP switch to the LOAD 
MEMORY WORD position. The 16 data LED’s should 
now display the corresponding OUTPUT PATTERNS 
specified in Table 3* 

STEP 2 i Repeat STEP 1 for all patterns in Table 3* If 

the expanded memory option is part of the generator 
under test, perform STEP’S 3 through 5 also. 

STEP 3 » Change the ADDRESS switches to any address from 
16-31 and perform STEP 2. 

STEP 4 1 Change the ADDRESS switches to any address from 
32-47 and perform STEP 2. 

STEP 5 1 Change the ADDRESS switches to any address from 
48-63 and perform STEP 2. 
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FRONT PANEL 

THUMBWHEEL TIMING DATA 
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TEST #5 Verify WORD GENERATOR Mode l 


This test dynamically verifies the word Generator mode of 
operation of the RS-648. The test shall be performed with 
a prescribed program and waveforms of the expected generator 
outputs are described for monitermg purposes# 

GENERATOR MODE switch settings ; 

TIMING SIM/WORD* WORD (lower position) 

START INT/EXTt OFF (center position) 

SINGLE CYCLE* OFF (lower position) 

INITIAL CONDITIONS * 

1) Load the generator as defined in the Word Generator 
programming sheet Table 3« 3e sure to set the 
thumbwheel switches to 1 MSEC and also be sure 

to load all WORD PARAMETER registers as specified 
in Table 3. Reference the TIMING SIMULATOR/WORD 
GENERATOR, MODEL RS-648 Users Guide (Document 
Control #648-UG-001) for loading instructions. 

2) Press the DYNAMIC UPDATE/RESET switch to the RESET 
(lower) position. 

3) Set the ADDRESS toggle switches to all zeroes, 

( 000000 ). 

4) Set the SYNC OUT switch to SELECT ADDRESS (lower 
position)• 

STEP 1 * Set the START IN1?/EXT switch to the START I NT 
(upper position). The generator should now be 
running; this can be verified by data LED*s 1 
and 2 dimly glowing. 

STEP 2 * Sync the oscilloscope to the SYNC OUT output of 

the generator. Be sure to sync on negative going 
edge of the SYNC OUT signal. 

STEP 3 * Set the oscilloscope time scale to 10 MS per 

division. Set the vertical scale to 2 *'olts per 
division. SYNC OUT when viewed on channel 1 of 
the oscilloscope should appear as follows* 
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STEP 4 i 


Set the oscilloscope time scale to 2 MS per 
division, and examine the generators output 
Channel 1 with Channel 2 of the oscilloscope* 
The following waveform should be seen* 
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STEP 5 i Change the WORDS PER MEMORY WORD register to 8 
( 001000 ). This is performed by setting the 
address toggle switches to 001000, pressing the 
WORDS PER MEMORY WORD switch into the LOAD 
position, and then finally resetting the ADDRESS 
toggle switches to 000000 . The following wave¬ 
forms should now be observed. 
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STEP 6 i Change the WORDS PER MEMORY WORD register to 4 
(000100) and observe the following waveforms. 


SCOPE 
CHAN 1 L 


SCOPE 
CHAN 2 



i 

- 9>2 MS *s- 



- 22 - 




STEPJs Change the WORDS PER MEMORY WORD register to 2 
(000010) and observe the following waveform. 
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STEP 8 1 Change the WORDS PER MEMORY WORD register to 1 
(000001) and observe the following waveforms. 
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STEPJ?! Change the WORDS PER MEMORY WORD register back 
to 2 (000010) and change the WORDS PER LAST 
MEMORY WORD register to 8 (001000). Note that 
changing the WORDS PER LAST MEMORY WORD is 
accomplished in the same manner that the WORDS 
PER MEMORY WORD was. Observe the following 
waveform. 
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STEP 10 i Change the WORDS PER LAST MEMORY WORD to 4 

(000100) and observe the following waveform. 
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STEP H i Change the WORDS PER LAST MEMORY WORD to 2 

(000010) and observe the following waveform. 
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STEP 12 » Change the WORDS PER LAST MEMORY WORD to 1 

(000001) and observe the following waveforms. 

SCOPE -[ —II II— 11 —r r — r— 
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SCOPE 
CHAN 2 






STEP 13 1 Change the SYNC OUT switch to EACH WORD and observe 
the following waveforms. Note that the oscilloscope 
must now be resynchronized to output waveform. 


chan i p. n_n_. it _n n-jj-rv-Ji n 

i i 
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CHAN 2 

! 
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TEST #6 Verify TIMING SIMULATOR Model 


This test dynamically verifies the Timing Simulator mode 
of operation of the RS-648. It shall also verify the 
DYNAMIC UPDATE capability of the RS-648# The test shall 


be performed with a prescribed program and waveforms of 
the expected generator output are described for monitering 
purposes. 


GENERATOR MODE switch settings i 

TIMING SIM/WORDi TIMING SIM (upper position) 

START INT/EXTi OFF (center position) 

SINGLE CYCLEi OFF (lower position) 

INITIAL CONDITIONS i 

1) Load the generator as defined in the Timing 
Simulator programming sheet Table Be sure 
to load the LAST MEMORY ADDRESS specified in 
Table 5* Reference the TIMING SIMULATOR/WORD 
GENERATOR, MODEL RS-648 User’s Guide (Document 
Control #648-UG-001) for loading instructions. 

2) Press the DYNAMIC UPDATE/RESET switch to the 
RESET (lower) position. 

3) Set the ADDRESS toggle switches to all zeroes, 

( 000000 ). 

4) Set the SYNC OUT switch to SELECT ADDRESS (lower 
position)• 

STEP I t Set the START INT/EXT switch to START I NT (upper 
position). The generator should now be running. 

STEP 2 t Sync the oscilloscope to the SYNC OUT output of 
the generator. Be sure to sync on the negative 
going edge of the SYNC OUT signal. 

STEP 3 i Set the oscilloscope time scale to 1 millisecond 
per division, and set the vertical scale to 2 
volts per division. View the SYNC OUT signal 
on Channel 1 of the oscilloscope. Sequentially 
examine the generator outputs 1 through 8 on the 
oscilloscope Channel 2. Each output channel 
should have the same relationship to SYNC OUT 
as shown below. 
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TIMING SIMULATOR CODING SHEET 
TABLE 5. 

TIMING SIMULATOR PROGRAM FOR TEST #6 
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STEP 4 i Set the 8 odd numbered data toggle switches to 

the upper (1) position# The 8 even data switches 
may be high or low, i.e., don't care. Set the 
thumbwheel txme switc h§s to 100 UwiSiC and pirsss 
the DYNAMIC UPDATE/RESET switch to the DYNAMIC 
UPDATE (upper) position. Observe each of the 
8 generator output channels sequentially. They 
should all appear as shown below. 
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Note that STEP 4 dynamically updated the memory 
data stored at address zero. 


STEP 5 * Set the 8 odd numbered data toggle switches to 
the up (1) position. (The 8 even data switches 
may be high or low, i.e®, don't care). Set the 
thumbwheel time switches to 001 100 NSEC (100 
nanoseconds) and press the DYNAMIC UPDATE/RESET 
switch to the DYNAMIC UPDATE (upper) position. 
Observe each of the 8 output channels sequentially. 
They should all appear as shown below. 
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STEP_6i Set the 8 odd numbered data toggle switches in 
the up (1) position. Set the 8 even numbered 
data toggle switches in the down (0) position. 

Set the thumbwheel time switch to XXX 50/50 NSEC, 
where X is don't care. Press the DYNAMIC UPDATE/ 
RESET switch to the DYNAMIC UPDATE (upper) position. 
Observe each of the 8 output channels sequentially. 
They should appear as shown below. 
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TEST #7 Verify EXT CLK and SINGL2 CYCLE t 


This test dynamically verifies the external clock (EXT 
CLK IN) and the SINGLE CYCLE function of the RS-648. The 
test shall be performed with a prescribed program and 
waveforms of the expected generator outputs are described 
for monitering purposes. This test requires an external 
signal source, either another RS-648 programmed to give 
the clock waveform specified in this test, or a pulse 
generator which can generate the specified waveform. 

GENERATOR MODE switch settings ! 

TIMING 51M/WORD* WORD (lower position) 

START INT/EXTi OFF (center position) 

SINGLE CYCLEt OFF (lower position) 


INITIAL CONDITIONS ! 

1) Load the generator as defined in the Word Generator 
programming sheet Table 6• Be sure to load all 
the specified WORD PARAMETER registers and to 

set the time thumbwheel switches as specified. 
Reference the TIMING SIMULATOR/WORD GENERATOR, 

MODEL RS-648 User f s Guide (Document Control #648- 
UG-001) for the loading instructions. 

2) Press the DYNAMIC UPDATE/RESET switch to the RESET 
(lower) position. 

3) Connect the external clock source (pulse generator) 
to the oscilloscope and verify that the clock 
signal is as shown below. 


greater than 100 NS ' A 

■i M o — -s> 0 • Ov sV ^ 2 • 5v 


EXT CLK IN 


h .i— 


Then connect this external clock to the generators 
EXT CLK IN BNC connector on the front panel. 

4) Set the ADDRESS toggle switches to all zeroes (000000). 

5) Set the SYNC OUT switch to SELECT ADDRESS (lower) 
position. 

STEP l i Set the START INT/EXT switch to the EXT (lower) 
position. The generator should now be running. 

Sync the oscilloscope to the SYNC OUT output of 
the RS-648. Be sure to sync on the negative 
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DATA BITS TO BE PROGRAMMED 


32|l6| 8| 4 * 2j l| 16 15 14 13 12 11 10 9 8 ? 65 4 3 2 1 
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OUTPUT 

WORD 

NUMBER 



9,1C 


11,12 


13,14 


15,16 


17,18 
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29,30 



WORD GENERATOR SIGHT BIT PARALLEL CODING SliESI 


TIMS PERIOD 
FJND [ 'TENS! UNIT]MULT 
0 / 0 


TABLE 6. 


WORD GENERATOR PROGRAM 


FOR TEST #? 
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going edge of tne SYNC OUT signal. Set the 
oscilloscope vertical scale to 2 volts per 
division and the oscilloscope time scale to 1 
millisecond per division and examine the SYNC 
OUT signal on Channel 1 of the oscilloscope. 
Sequentially examine generators 8 output channels 
on Channel 2 of the oscilloscope. The timing 



STEP 2i Set the SINGLE CYCLE switch to the on (upper) 
position. Set the START INT/EXT switch to 
START INT. 

STEP 3* Sync the oscilloscooe to the negative edge of 
the EXT CLK IN signal. 

STEP 4* Set the oscilloscope time scale to 10 microseconds 
per division and sequentially examine the 8 out¬ 
put channels of the generator. The timing rela¬ 
tionship is shown below. 



— 1 MS 




TEST #8 Verify 1 6 OUTPUT OPTION * 


This dynamic test verifies the 16 OUTPUT OPTION to the 
Standard RS-648. The test shall he performed with a 
prescribed program and waveforms of the expected generator 
outputs are described for monitering purposes• This test 
requires an external signal source, either another RS-648 
programmed to give the clock waveform specified in this 
test or a pulse generator which can generate the specified 
waveform. 

GENERATOR MODE switch settings i 

TIMING SJlM^WORDi WORD (lower position) 

START INT/TSXT t OFF (center position) 

SINGLE CYCLE* OFF (lower position) 

INITIAL CONDITIONS* 

1) Load the generator as defined in the Word Generator 
programming sheet Table 7 . Be sure to load all 
WORD PARAMETER registers and set the time thumb¬ 
wheel switches as specified in Table 7* Reference 
the TIMING SIMULATOR/WORD GENERATOR, MODEL RS-648 
User’s Guide (Document Control #648-UG-001) for 
loading instructions. 

2) Press the DYNAMIC UPDATE/RESET switch to the 
RESET (lower) position. 

3) Connect external signal source with the following 
waveform to external clock input (pin 17 on the 

16 OUTPUT OPTION back panel connector)• 


EXT CLK IN 



II- 


^— greater than 50 NS 

—.- - .— 1 MS- 


. 1 . 

_I 

V 

~ir 

0 . 0 v> V 2 > 2 * 5 v 


4) Set the ADDRESS toggle switches to all zoroes 

( 000000 ). 

5) Set the SYNC OUT switch to the SELECT ADDRESS 
position. 

6 ) SYNC the oscilloscope to the generator SYNC OUT 
output. Be sure to sync on the negative edge 
of the SYNC OUT signal. 

STEP I t Set the START INT/EXT switch to EXT (lower) 
position. 
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TABLE ?• 


WORD GENERATOR CODING SHEET 
Used for the 16 OUTPUT OPTION Test #8 
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STEP 2 i Set the oscilloscope time scale to 2 milliseconds 
per division, and the vertical scale to 2 volts 
per division. Observe the syne output waveform 
on pin 18 of the back panel connector with Channel 
1 of the oscilloscope* Sequentially observe the 
16 output channels with Channel 2 of the oscillo¬ 
scope. The timing relationships are shown below* 
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Timing Simulator/Word Generator Model RS-648 • • • 
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4-4 on control card if present. 
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